Abstract. In this work, the problem of delay-dependent stability for uncertain stochastic systems with interval time-varying delays and nonlinear uncertainties is addressed. The parameter uncertainties are assumed to be norm bounded and the delay is assumed to be time-varying and belong to a given interval, which means that the lower and upper bounds of interval time-varying delays are available. By constructing an augmented Lyapunov functional, a new delay interval-dependent stability criterion for the system is obtained in terms of Linear Matrix Inequalities (LMIs). Comparisons are made through numerical examples and less conservatism results are reported.
Introduction
The stability analysis of stochastic time delay systems have been an active research area in the past years [1] - [4] , since many practical systems can be modeled to stochastic differential equations with time-delays. Based on the Lyapunov theory of stability, many stability conditions have been obtained by means of linear matrix inequalities. Recently, model transformation and cross term bounding techniques [5] - [6] , inputoutput method [7] and integral inequality approach [8] have been applied to reduce the conservatism of the stability criteria for stochastic delay systems. However, free-weighting matrix method plays a key role in reducing conservatism. In this paper some free-weighting matrices are added and less conservative results are obtained. It is worth mentioning that the exogenous nonlinear disturbance input has been dealt within many papers, since it may result from the linearization process of an originally highly nonlinear plant or may be an external nonlinear input, which could cause the instability of the system. The stability issue and the performance of uncertain stochastic systems with interval time-varying delays and nonlinear perturbations are therefore, both of theoretical and practical importance and have been attracted by considerable number of researches [9] - [13] . The authors of [14] proposed an augmented Lyapunov-Krasovskii functional for analyzing uncertain neutral systems with time-varying delays and has showed the proposed stability criterion provides larger feasible region. To the best of the author's knowledge, the stability analysis of uncertain stochastic system with interval time-varying delays and nonlinear uncertainties via augmented Lyapunov functional approach has not been investigated. So, we hope to apply the augmented Lyapunov functional approach to stochastic delay systems such that the conservatism of stability conditions could be reduced. The delay is assumed to be time-varying and belong to a given interval, which means that the lower and upper bounds of interval time-varying delays are available. This paper discusses the delaydependent stability criterion of uncertain stochastic delay systems with nonlinear uncertainties in terms of LMIs which can be solved efficiently by using the interior-point algorithms [15] . Compared to other methods, the proposed method overcomes some of the main sources of conservatism and has its own advantages. Finally, two numerical examples are given and the corresponding simulation by MATLAB is provided to illustrate the effectiveness of the proposed method.
Notations:
Throughout this paper, R n and R n×n denote, respectively, the n-dimensional Euclidean space and the set of all n × n real matrices. The superscript T denotes the transposition and the notation X ≥ Y (respectively, X > Y), where X and Y are symmetric matrices, means that X − Y is positive semi-definite (respectively, positive definite). I denotes the identity matrix of appropriate dimension. The notation * always denotes the symmetric block in one symmetric matrix.
Problem description and Preliminaries
Consider the following uncertain stochastic system with interval time-varying delays and nonlinear uncertainties:
where x(t) ∈ R n is the state vector, A and B are known real constant matrices with appropriate dimensions, w(t) is an m-dimensional Brownian motion defined on the probability space (Ω, F , P) satisfying E{dw(t)} = 0 and E{dw 2 (t)} = dt, where E{·} is the mathematical expectation. ϕ(t) is the initial condition for all t ∈ [−h 2 , 0]. τ(t) denotes the time-varying interval delay and is assumed to satisfy the following conditions:
where h 1 and h 2 are the lower and upper bounds of τ(t) respectively. (t, x(t), x(t−τ(t))) ∈ R n×m is a nonlinear function satisfying
where G 1 , G 2 ∈ R n×n are known matrices of appropriate dimensions. ∆A(t) and ∆B(t) are the parametric uncertainties of the form:
where H, T 1 , T 2 are constant matrices with compatible dimensions and F(t) is an unknown time-varying matrix function satisfying,
Now, (1) can be rewritten as
For convenience, we set
Throughout this paper we shall use the following definition for system (1).
Definition 3.1. The stochastic time-delay system (1) is said to be robustly asymptotically mean-square stable if for all admissible uncertainties (3) the following holds for any initial condition:
The following lemmas will be essential for the proof of main result. = Ω 2 > 0, then
Lemma 3.3. [16] For any constant matrix M > 0, any scalars a and b with a < b, and a vector function x(t) : [a, b] → R n such that the integrals concerned as well defined, then the following holds
[ ∫ b a x(s)ds ] T M [ ∫ b a x(s)ds ] ≤ (b − a) ∫ b a x T (s)Mx(s)ds.
Main Result
In this section, we propose a new stability criterion for uncertain stochastic system (1) with interval time-varying delays and nonlinear uncertainties. 
, X and a positive scalar W satisfying the following LMIs:
where
Using Newton-Leibnitz formula, we have
On the other hand, from (8), the following equation holds for any matrix X ∈ R n×n η 4 (t) = 2y
Ax(t) + Bx(t − τ(t)) + Hp(t) − y(t)
Let us define the Lyapunov functional candidate as
Then, it can be obtained by Ito's formula that
Ax(t)
Hp(t) + ( ∫ t−τ(t)
t−h 2
x(s)ds
x(s)ds
Hp(t) + x T (t)U 2 x(t)
Then by Lemma 3.3 and using 0 ≤ h 1 ≤ τ(t) ≤ h 2 , we have 
Numerical Examples Example 5.1. Consider the system (5) with
,
Recently, remarkable results for stability of uncertain stochastic systems with nonlinear uncertainties were presented in [17] and [8] . In [17] , the maximum delay bound for the above system was 1.1812. By Theorem 4.1 in [8] , one can obtain the maximum delay bound as 2.8987. But when using our proposed Theorem 4.1 derived in this paper, the obtained result is 2.9586. Hence, our proposed stability criterion gives a much less conservative result than those discussed in [17] and [8] . Table 1 shows the different values of h 2 for different µ. It was reported in [19] that the above system is asymptotically stable in the mean square when 0 ≤ τ ≤ 1.0660. From Theorem 4.1, we conclude that the system (6) is robustly asymptotically stable in the mean square with the maximum allowable upper bound h 2 = 2.5220. 
Conclusion
This paper has studied the delay-interval dependent stability criterion for uncertain stochastic systems with interval time-varying delays and nonlinear perturbations. Using Lyapunov-Krasovskii functional and stochastic analysis approach, a less conservative stability criterion have been obtained by considering the relationship between the time-varying delays and its lower and upper bounds. Two illustrative examples are given to demonstrate the effectiveness of the obtained results.
